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Abstract We propose and characterize a quan-
tum interface between telecommunication wavelengths
(1311 nm) and an Yb+-dipole transition (369.5 nm)
based on a second order sum frequency process in
a PPKTP waveguide. An external (internal) conver-
sion efficiency above 5% (10%) is shown using classical
bright light.
PACS 42.79.Nv · 42.82.-m · 42.65.Wi
1 Introduction
A quantum interface (QI) is a basic building block for
future quantum networks [1]. It allows to combine dif-
ferent physical systems without changing their shared
quantum properties and may e.g. be used to change the
color of a photonic quantum state while preserving its
other quantum properties in order to combine atomic
quantum memories and fiber communication channels.
In such a network, the wavelengths of optimal trans-
mission in optical fibers, situated in the infrared spec-
tral range at telecommunication wavelengths, may dif-
fer significantly from the wavelengths at which quan-
tum information can be generated, stored or processed
locally. The latter frequently lie in the ultraviolet (UV)
and blue spectral range [2]. Thus, to bridge this fre-
quency gap between telecommunication and UV wave-
lengths, a QI with high efficiency, compact design and
network compatibility is highly desirable for practical
applications.
The most efficient process allowing to build such
a QI is known as quantum frequency conversion
(QFC) [3]. Important initial work [4–6] has lead to the
realization of quantum state preserving converters [7],
showing the conversion of single photons in up- [8,9] and
Integrierte Quantenoptik, Universita¨t Paderborn, Warburger
Straße 100, 33098 Paderborn, Germany
E-mail: helge.ruetz@uni-paderborn.de
down-conversion [10, 11] direction, as well as present-
ing the conversion of entanglement [11,12] and squeez-
ing [13,14]. All of those experiments performed conver-
sion between the green or red and the infrared spectral
range. However, photonic state manipulation strongly
benefits from decoherence-free, high-energy transitions.
Thus, trapped atoms and ions, whose dipole transitions
usually lie in the ultraviolet (UV) and blue spectral
range, are considered to be promising candidates for
stationary qubit systems, allowing for long lived mem-
ories and high quality quantum logic gates. The im-
plementation of quantum frequency conversion between
telecommunication and UV wavelengths is therefore an
important step towards connecting dissimilar systems
and paves the way for combining the possibilities of
long distance quantum communication with the high
fidelities achievable in atomic qubit systems.
Still, the conversion of photonic qubits between
telecommunication wavelengths and the UV is quite in-
tricate, due to the special wavelength range and large
frequency gap. Even in the classical regime, the genera-
tion of UV light by means of parametric three wave mix-
ing processes is challenging. It has so far been realized
through second harmonic generation (SHG) [15, 16],
and sum frequency generation (SFG) [17–22]. While the
SHG process is intrinsically not compatible with QFC,
the realization of QFC via SFG imposes more strin-
gent requirements on the process than classical wave-
length conversion. More specifically, a QFC interface
based on a three wave mixing process in a nonlinear
medium requires the high nonlinear coupling strength
to be solemnly provided by the medium’s nonlinear-
ity together with a strong non-depleted pump. The
pump wave thereby has to not only account for the en-
ergy difference between the converter’s input and out-
put wavelength, but also provide significant coupling
strength to convert the faint input state. The above
SFG experiments fail to meet that requirement, by ei-
ther falling short of the required coupling or by working
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with a depleted pump wave. Hence, the underlying fre-
quency conversion concepts cannot be readily applied to
achieve QFC between telecommunication wavelengths
and the UV spectral range.
Integrated optics provides a promising platform to
implement a QI via QFC. Significant conversion effi-
ciency can be achieved by using a waveguided con-
verter [23]. Although the required coupling strength
can in principle be achieved by placing the nonlinear
medium into a cavity [13, 14], the integrated optical
approach allows for a robust and miniaturized system
architecture that can be operated in single-pass con-
figuration due to the high confinement obtained in the
waveguide.
But in the case of an interface between the UV
and telecommunication wavelengths the energy differ-
ence is extremely large, spanning more than 2.4 eV
(580 THz). Bridging this huge gap either requires a
multistage process, as proposed in [24], or a strong
pump in a waveguide with small poling period. Many of
the aforementioned quantum converters between visible
and infrared make use of quasi-phasematching (QPM)
in periodically poled lithium niobate (PPLN) waveg-
uides. However, those lithium niobate waveguides are
highly susceptible to photorefractive damage which lim-
its their use in conjunction with strong continuous wave
(CW) green pump light. Besides, to compensate the
large wavelength difference and obtain efficient conver-
sion, the QPM period (using the d33 tensor element)
in lithium niobate is very small (∼ 2.13µm) and not
compatible to standard waveguide technologies. Thus,
a new platform is required to achieve efficient QFC from
the infrared to the UV spectral range in the quantum
domain. Potassium titanyl phosphate (KTP) is a ma-
terial with a high photorefractive damage resistance.
It allows not only the fabrication of short poling pe-
riods for QPM, but also the fabrication of high qual-
ity waveguides by rubidium ion exchange [25]. An ef-
ficient QFC between a telecommunication and a red
wavelength has been realized in rubidium doped peri-
odically poled KTP (Rb:PPKTP) waveguide [26].
Apart from the requirements concerning nonlin-
ear coupling, the noise being added in a QFC device
must not destroy the converted quantum state. Sources
of detrimental noise have been attributed to Raman-
scattering of the strong pump and non-phasematched
spontaneous parametric downconversion (SPDC) [27].
By using a pump wave that is spectrally well separated
from in- and output, the effect of Raman-scattering
in KTP [28] can be neglected. Noise added by SPDC
may however be present. But as shown in the case of a
Rb:PPKTP waveguide converter [26] this noise does not
prevent interfacing to a quantum memory, highlighting
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Fig. 1 Concept of direct quantum frequency upconversion
by sum-frequency generation. A strong green pump is used
to transduce a quantum state at a telecommunication-band
input mode to a UV output mode.
the potential of a single-stange Rb:PPKTP waveguide
converter.
Among stationary qubit systems, a particularly in-
teresting system for quantum information processing is
a trapped ytterbium ion (Yb+) with its S 1
2
→ P 1
2
dipole
transition in the UV spectral region at 369.5 nm [2,29].
It has been considered to be a good candidate to pro-
duce efficient light matter interaction [30] and entan-
glement of matter qubits [31].
In this paper we report on the tailored design and
the classical characterization of a quantum interface
that allows for telecommunication-to-UV quantum fre-
quency conversion, providing access to the Yb+ transi-
tion at 369.5 nm. We present a detailed experimental
analysis of the dispersion behavior and demonstrate
first conversion efficiency measurements in a setup,
which is compatible with quantum applications. By
comparing our results to theoretical predictions we can
evaluate the quality of feasible performance parameters.
Thereby we provide the conceptual and technical basis
for a full quantum interface.
2 Concept
Our interface is based on a second-order (χ(2)) SFG pro-
cess in a rubidium doped PPKTP waveguide. A strong
green pump at a wavelength of 514.5 nm is used in order
to bridge the gap between the input state at 1311 nm
and the target wavelength of the Yb+ dipole transition
at 369.5 nm as shown in Fig. 1.
In order not to distribute the input state over several
longitudinal modes, a CW single-mode pump laser is re-
quired, allowing to convert arbitrary input states within
the process bandwidth. This pump fulfills the require-
ment of energy conservation, h¯ωin + h¯ωpump = h¯ωout,
where ω denotes the angular frequency of the optical
fields at the respective wavelengths. At the same time
its field amplitude Apump scales the required coupling
strength in the QFC-Hamiltonian [3]
Hˆ = ih¯κApumpaˆ†outaˆin + h.c., (1)
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where aˆ is the photon annihilation operator of the in-
and output mode and κ is a coupling constant, depen-
dent on the field overlap between the modes and their
respective frequencies and propagation constants β.
Phasematching is attained by use of the quasi-
phasematching (QPM) technique where a mismatch in
the propagation constants∆β is compensated by a peri-
odic reversal of the ferroelectric domains, i.e. a domain
grating of periodicity Λ, according to
0 = ∆β = βout − βin − βpump − 2pi
Λ
. (2)
In order to be able to use the highest second order non-
linear tensor element d33, we employ a type-0-process,
i.e. all fields are polarized along the optical axis. The
short wavelength of 369.5 nm present in this process
leads to a high mismatch of propagation constants
and therefore a poling period below 3 µm is required
in KTP. KTP allows, due to its anisotropic domain
growth, such short periods.
3 Modeling
A prediction about the efficiency of the QFC in a
Rb:PPKTP waveguide is obtained by modeling the ef-
fective refractive index of the waveguide modes and
their respective field distributions. Although the mate-
rial properties of KTP in the UV range are not compre-
hensively investigated in the literature, this approach
allows us to provide a reliable model for the desired
conversion process.
The waveguide used in the presented work is pro-
duced by AdvR Inc. by means of potassium-rubidium
ion exchange of z-cut, flux-grown KTP and subsequent
periodic poling [25]. It has a length of 9.6 mm, the pol-
ing period is specified as Λ = 2.535µm and the waveg-
uide has a nominal width of 2µm. The ion exchange cre-
ates an erfc-like Rb concentration profile [32] in depth
and a box-like profile in lateral direction. In order to
model the waveguide properties, we assume the Sell-
meier equations of Kato and Takaoka [33] for bulk KTP
material and a refractive index profile according to the
model presented by Callahan et. al. [34]. The refractive
index profile in depth direction is depicted in Fig. 2a).
The propagation constants and electric field distri-
butions at the respective wavelengths are calculated us-
ing a finite-element solver (RSoft FemSIM ). Assuming
a penetration depth of 6µm [34, 35], we calculate the
respective effective indizes of the modes, as shown as
vertical lines in Fig. 2a) and thus a theoretical poling
period of Λtheo. = 2.539µm using equation (2) and the
relation between vacuum wavenumber k and propaga-
tion constant, β = k ·neff . This is in good agreement to
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Fig. 2 Finite element simulation of modes in Rb:KTP waveg-
uide including dispersive refractive index nbulk and dispersive
refractive index increase ∆n. a) Dispersive refractive index in-
crease ∆n along the line x = 0µm. Vertical lines indicate the
respective effective indizes for each of the modes. b) Lines
of equal electric field strength of the fundamental modes in
the rubidium doped waveguide region (shaded area). c) Elec-
tric field of the respective fundamental modes along the line
x = 0µm.
the nominal poling period of the waveguide used in the
remainder of this study.
The electric field distributions of the fundamen-
tal modes at the respective wavelengths are shown in
Fig. 2b) and c). According to this simulation, we ex-
pect our waveguide to support only a single mode per
polarization at λin = 1311 nm. Experimentally, how-
ever, we observe one higher mode in both TM and TE
polarization. The expected number of guided modes
in TM polarization is 9 and 29 at the wavelength of
λpump = 514.5 nm and λout = 369.5 nm, respectively.
Because of the waveguide’s asymmetry, a high number
of mode combinations will have a non-vanishing over-
lap and can in principle contribute to the phasematch-
ing. The fundamental mode combination is favorable
because of its rather high overlap to laser and fiber
modes. The expected coupling efficiency of the infrared
mode shown in Fig. 2 to a Gaussian-shaped mode eval-
uates to 91.2%.
The conversion efficiency for a waveguide of length
L with negligible propagation loss in the regime of no
pump depletion is [36]
η = sin2
(√
ηnorPpumpL
)
, (3)
where Ppump is the pump power. It scales with the nor-
malized efficiency
ηnor =
8pi2
c · ε0 ·
d2eff κ˜
2
n
(pump)
eff n
(in)
eff n
(out)
eff
· 1
λinλout
, (4)
where c is the speed of light and ε0 the vacuum per-
mittivity. Here, we assume an effective non-linearity
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Fig. 3 Scheme of the experimental characterization setup.
The following abbreviations are used; Iso.: Isolator, var.att.:
variable attenuator, DF: dichroic filter, DM: dichroic mirror,
tel.: telescope, ND: neutral density filter, PM: power meter.
of deff = 16.65 · 2pi pmV [37] and use the calculated ef-
fective indices of refraction neff . The normalized over-
lap integral evaluates to κ˜ =
∫ ∫
EinEpumpEoutdxdy =
135000 m−1, where Ein, Epump and Eout are the three
normalized mode fields of input, pump and output,
shown in Fig. 2b) and c). Thus, a pump power of
1460 mW is expected to be needed for complete con-
version. Traces of the expected conversion efficiency are
shown later in the paper in Fig. 5 where they are com-
pared to measured data.
4 Interface characterization
We characterize our interface using bright input light.
The optical setup is depicted in Fig. 3. The strong CW-
pump power at 514.5 nm is provided by a single lon-
gitudinal and spacial mode Argon-Ion-Laser (Coherent
Innova 90-C ). An optical isolator, consisting of two po-
larizing beam-splitters and a Faraday-rotator is used
to prevent instabilities due to backreflections from the
waveguide endface into the laser cavity. A combination
of polarizing beam-splitter and half-wave-plates is used
to control the optical power in the setup. Dichroic filters
are needed to clean the beam from residual radiation,
especially in the UV, produced by the laser’s plasma
discharge tube. A telescope is employed to manipulate
the pump beam diameter and divergence for optimal
coupling to the fundamental waveguide mode. The in-
frared input beam is produced by a fiber-coupled, tun-
able CW-external cavity diode laser (ECDL, Thorlabs
Intun TL1300-B). Its output is collimated by a 10 mm-
lens and overlapped with the green pump on a dielectric
beam combiner. Both beams are coupled to the waveg-
uide by a 20× microscope objective.
The waveguide chip resides on a 6-axis adjustable
stage and is thermoelectrically temperature controlled
to ±4 mK around room temperature. The generated
UV light, together with the unconverted input light and
the pump are coupled out of the waveguide with a 40×-
microscope objective.
A dichroic mirror reflects the UV light. Four suc-
cessive bandpassfilters, centered at 370 nm, with a cu-
mulative optical density above 22 at the pump wave-
length are used to filter out the remaining pump light.
A Si photodiode based power meter with a sensitiv-
ity of 500 pW and a measurement uncertainty of ±5 %
is used to monitor the converted light. Additionally, a
CCD camera, adjustably placed in the beam, is used to
record the nearfield intensity of the generated light.
4.1 Modes and phasematching
The phasematching condition of the fundamental mode
combination is experimentally determined by itera-
tively adjusting the coupling of both, pump and in-
put beam, to the respective fundamental waveguide
mode and scanning the input wavelength whilst mea-
suring the generated UV power and observing the spa-
cial mode shape. Eventually, this procedure will lead
to an optimized SFG-process in the fundamental mode
combination. The SFG power as a function of the
input wavelength at a constant pump power is de-
picted in Fig. 4a). The full width at half maximum
(FWHM) of this phasematching curve is 0.20(1) nm
while the theoretically predicted phasematching band-
width is 0.185 nm. This results in an effective interac-
tion length of 8.9 mm. The appearance of a pronounced
sidelobe at shorter input wavelengths is consistent with
the slightly reduced effective interaction length, result-
ing either from an inhomogeneous waveguide or poling
period. A minor flat contribution to the phasematch-
ing is observed over a much broader spectral range
which we attribute to residual higher order mode’s
SFG-processes.
The near field intensity profile of the generated UV
light is depicted in the inset of Fig. 4a). The measured
intensity FWHM is 0.94µm in lateral and 0.77µm in
depth direction. This is in good agreement with the
1.10µm and 0.82µm predicted by our FEM simulation.
The phasematching wavelength of the frequency
conversion process is tunable with temperature. In or-
der to model this, we assume perfect phasematching
at T = 20 ◦C and λin = 1311 nm and calculate the
phasematching condition according to the temperature
dependent index for bulk material [33]. The expected
change of the phasematching wavelength ∆λin at the
input as a function of the temperature difference ∆T
is ∆λin/∆T = 0.28 nm/K. This behaviour is plotted
as a dashed line in Fig. 4b). Experimentally we mea-
sure ∆λin/∆T = 0.29(1)nm/K, as depicted in the same
diagram for two different pump powers.
In general, we observe a strong dependence of
the phasematching wavelength on the pump power,
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Fig. 4 Phasematching characteristics. a) Phasematching
curve, i.e. UV output power as function of input wavelength
at stable temperature and pump power. Inset: Near field in-
tensity profile of generated UV light in fundamental mode.
b) Converter’s temperature tunability, i.e. wavelength of per-
fect phasematching as function of externally controlled tem-
perature. c) Pump power induced phasematching shift. Note
that diagrams b) and c) share the same vertical scaling and
thereby embody the energy conservation of sum frequency
generation with a fixed pump at 514.5 nm.
which is shown in Fig. 4c). The shift in phasematch-
ing wavelength ∆λin behaves linearly with the exter-
nal pump power Ppump according to ∆λin/∆Ppump =
4.03(9) pm/mW. This shift is the reason for the rather
complicated identification of the phasematching de-
scribed above. However, once a phasematching con-
dition for a given pump power and temperature is
determined experimentally, the converter’s full tun-
ing behavior is predictable by the two given values of
∆λin/∆T and ∆λin/∆Ppump.
Combining those values, the pump power depen-
dent phasematching shift may be explained by a local
heating of the waveguide according to ∆T/∆Ppump =
13.8(6) K/W due to absorption of the green pump light.
4.2 Conversion efficiency
We define the conversion efficiency η as the number of
converted photons exiting the nonlinear crystal 〈N〉out
divided by the number of input photons in front of it
〈N〉in,
η =
〈N〉out
〈N〉in
=
λout
λin
· Pout
Pin
. (5)
In the case of no losses, this should equal the depletion
efficiency
ηdepl. = 1−
〈N〉depl.
〈N〉in
= 1− Pin,depl.
Pin
(6)
where Pin,depl. is the optical power of the input field at
the end of the nonlinear interaction length.
The measurement of the conversion efficiency is per-
formed as follows. We keep the waveguide chip at a
constant temperature of T = 20.6◦C, attenuate the in-
put light to Pin ∼= 20µW and vary the pump power
between 0 and 400 mW. Higher powers of ≥ 550 mW
have shown to cause significant damage to the crystal.
For each pump power in use, we adapt the input wave-
length to the phasematching according to the pump
power dependent relation described above. The system
is then given enough time to equilibrate in order to
avoid hysteretic behavior. The optical power around
369.5 nm is recorded using a power meter. The opti-
cal power remains stable on a scale between the power
meter’s bandwidth (∼ 10 Hz) and half an hour. Each
data point is recorded as the average power over 5
seconds and the fluctuations of the optical signal are
much smaller than the power meter’s measurement un-
certainty. At a pump power of Ppump = 200 mW and an
input power of Pin = 22.1µW in front of the incoupling
objective, we measure a UV power of Pout = 980 nW.
Accounting for the transmission of the incoupling objec-
tive (69.6 %), the outcoupling (51.7 %), and the trans-
mission of the filters and optical components up to the
detection (62.7 %), an external conversion efficiency of
ηext. = 5.5 % is obtained. We call this measure ’ex-
ternal’, because we explicitly neither account for the
coupling efficiency to the fundamental mode, nor the
waveguide absorption and scattering losses, as both
cannot be quantified accurately. The external conver-
sion efficiency is plotted as circles in Fig. 5, where we
also account for the imperfect transmission of the in-
coupling objective (89.5 %) at the pump wavelength.
In the ideal case of perfect mode matching and
negligible losses, the conversion efficiency, as well as
the depletion, should follow the dash-dotted curve in
Fig. 5 which is the theoretically predicted conversion
efficiency for the Rb:PPKTP-waveguide considered in
section 3 using equation (3).
The more realistic case is calculated by solving
the nonlinear coupled amplitude equations, including
losses, for perfect phasematching (see e.g. [36]). This
6 Helge Ru¨tz, Kai-Hong Luo, Hubertus Suche, Christine Silberhorn
0 500 1000 1500 2000
Pump power [mW]
0
20
40
60
80
100
ef
fic
ie
nc
y
[%
]
a)
Conversion
no losses
exp. est. losses
literature losses
Depletion
no losses
exp. est. losses
literature losses
0 100 200 300 400
Pump power [mW]
0
5
10
15
20
25
30
35
40
ef
fic
ie
nc
y
[%
]
b)
measured external conversion
estimated internal conversion
measured depletion
Fig. 5 Efficiency of the sum-frequency process, experimental
values compared to theoretical predictions. b) is a zoom into
a) for clarification. A lossless process (dash-dotted line) would
show identical conversion and depletion efficiency. In the case
of losses, depletion (dashed lines) and conversion (solid lines)
efficiency differ. Measured (triangles) and theoretically pre-
dicted (dashed lines) depletion efficiency are in good agree-
ment. The measured external conversion efficiency (circles)
reaches 5.5 %. The estimated internal conversion efficiency
(diamonds) also shows a good agreement to theoretical pre-
dictions for internal pump powers up to 150 mW. For higher
pump powers, clear deviation from the model is observed.
case is shown as the thin curves in Fig. 5 (litera-
ture losses). We include losses of αpump = 0.7 dB/cm
at the pump, αin = 0.2 dB/cm at the in-, and
αout = 4.34 dB/cm at the output wavelength. Here, we
estimate the pump loss from the values reported in ref-
erence [25] and the input loss from the lowest loss we
measured in Rb:KTP waveguides at that wavelength.
The exact values of both are negligible compared to the
high loss at the output wavelength assumed here. The
latter relies on the fact that 370 nm already lies close
to the band edge for z-polarized light in KTP [38].
Because the loss for y-polarized light is much lower
at that wavelength, the relative transmission between
TM- and TE- polarized laser light can provide an es-
timate for the expected waveguide losses at 370 nm.
This relative transmission is measured to be 33.6 %
(αout = 6.3 dB/cm). We call this model experimentally
estimated and depict it using thick lines in Fig. 5.
In all cases we would expect a monotonically in-
creasing conversion efficiency up to at least 25 % within
the available pump power range. In contrast, the mea-
sured conversion efficiency saturates and decreases for
pump powers above 300 mW. For a better compar-
ison to the model, we estimate the internal conver-
sion efficiency, i.e. the conversion efficiency between in-
and output light inside the respective waveguide mode.
This is shown as diamond shaped dots in Fig. 5. At a
pump power of Ppump = 200 mW in front of the incou-
pling, we estimate an internal conversion efficiency of
ηint = 10.5 % by assuming fresnel losses at the uncoated
input facet and modematching of 50.7 %.
Naturally, the expected depletion and conversion
efficiency differ substantially, when assuming a lossy
system. The depletion would reach up to 40 % in the
considered case. This is verified experimentally by ad-
justing the system to optimal conversion and chopping
the pump light with frequencies of 20, 100, and 500
Hz. The modulation of the transmitted input light is
recorded with a fast photodiode. This provides a direct
measure of the depletion efficiency according to equa-
tion (6). The depletion efficiency is plotted as triangles
in Fig. 5. It does not depend on the chopping frequency.
Fluctuation of the data points due to amplified noise
in the photocurrent and data evaluation uncertainties
are accounted for in the shown errorbars. Within those
errorbars, the measured and theoretically predicted de-
pletion values are in good agreement.
Even in the pump power range in which we observe
a reduced conversion efficiency the depletion follows the
expected behavior. A possible mechanism leading to a
divergence of depletion and conversion is the so called
green induced infrared absorption (GRIIRA) [39], fre-
quently observed in KTP. We quantify this effect to
account for at most 6.6 % depletion by tuning the in-
put wavelength away from the phasematching condition
and repeating the above measurement.
Our converter therefore behaves according to the
model given by the nonlinear coupled amplitude equa-
tions up to a maximum external pump power of
200 mW. At higher pump powers a clear deviation from
this model is observed which needs to be subject to fur-
ther investigation.
5 Conclusion and Outlook
In conclusion, we have implemented a
telecommunication-to-UV frequency converter, com-
patible with the requirements of QFC. It is based on
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a second-order nonlinear sum-frequency process in a
periodically poled Rb:PPKTP waveguide. Using a fixed
single-mode pump at 514.5 nm, the device is tunable by
temperature and/or pump power and thereby allows
to interface the telecommunications O-band and the
Yb+ transition at 369.5 nm with an external (internal)
efficiency of ηext = 5.5 % (ηint = 10.5 %). The internal
efficiency is limited by the material absorption at the
output wavelength, the mode overlap between the very
distinct wavelengths of pump, in- and output field and
the short interaction length of ≤ 1 cm, combined with
a saturation of the conversion efficiency above 200 mW
pump power. For lower pump powers the nonlinear
coupled amplitude equations of the three wave mixing
process are shown to provide a good model for the
device efficiency. The external efficiency is limited by
coupling losses. Proper antireflection coatings and a
specifically designed achromatic coupling lens would
significantly improve the coupling into the desired
waveguide mode.
In future implementations, the use of a pulsed pump
might be beneficial for two reasons. First, it reduces
average power while maintaining peak power needed
for conversion. This would reduce the shift of phase-
matching observed in this paper and possibly reduce
optical damage. Second, a pulsed pump would allow
for temporal filtering in a later stage of the experiment
and thereby has the potential to reduce possible noise
counts at the converter’s output.
In order for our converter to be an eligible QFC de-
vice, it needs to retain its conversion efficiency on the
single photon level and its noise characteristics need
to be carefully investigated. While the strong green
pump in our converter is placed spectrally far away from
in- and output, reducing the effect of added noise by
Raman-scattering to a minimum, its short wavelength
opens the possibility for generation of SPDC photons
into the input mode. After having provided the classi-
cal characteristics of our telecommunication-to-UV fre-
quency converter in this paper, our next step thus needs
to be its quantum noise characterization.
Despite the moderate conversion efficiency, we ex-
pect our device to be highly useful for quantum in-
formation tasks involving direct access to trapped ion
systems. Especially, it allows to interface and thus inte-
grate trapped ions at UV wavelengths into optical fiber
network architectures. Note e.g. that compared to a di-
rect transmission of UV light in a fiber where losses
around 0.1 dB/m appear as a reasonable number [40],
the use of a 5% (−13 dB) efficient converter may be
beneficial already for distances above 130 m. Moreover,
our conversion opens the possibility to generate non-
classical states of light at UV wavelengths by using
cascaded spontaneous parametric downconversion to-
gether with SFG. Those quantum states are needed for
studying the coupling between genuine quantum light
and isolated single particle excitations with UV transi-
tions energies.
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